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(54) WAVEGUIDE TYPE OPTICAL SWITCH AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To make a first clad layer thin, to facilitate 
the inter-element separation, to achieve a monolithic 
integration on the same substrate and to speed up the 
action of the elements. 

CONSTITUTION: This waveguide-type optical switch 31 
is provided with a semi- insulating substrate 32 formed 
with plural first core layers 34 separated either by a 
semi-insulating layer or a highly resistant layer on the 
surface, plural first core layers 36, second core layers 
38, a second layer 39 opposite conductive to the clad ^ 
layers 34, a first electrode 41 and a second electrode 
42. Further, the manufacturing method is constituted by 
injecting an element to be semi- insulated or highly 
resistant to the part excluding the clad layer of a 
conductive crystal layer on the surface of the semi- 
insulating substrate or forming the semi-insulating layer 
or the highly resistant layer after the same part is 
selectively removed and subsequently forming the plural 
first core layers, the second core layers and second clad 
layers successively. 
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s«±«cts:w^n/cigifc©^2©^gi*^ : (io. Buta 
50 ^©nrHfcEnftn-r fcBttA-r -5 s^©A# 
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S8£ W) wz. £ c <t *<mi t o ri,> s . 

[0020] */c, 1 0 ia*S©i»i&38aLfcX ■< •> 

or, frfe=»T®«. fi^#FtBi£, fi^-*ffli^«}i§. s 
Tffi^js©^m*>{c ct *) must <* nr % s c £ 4^ £ 

[oo2i]*/t. 1 1 i&ffioym&d&mtz 4 -j 

fan tub. r > F - ^(omr-PtWm £ . n§2©igiW4 io 
zmtznWM'mmt. cne.©ji©<pra©jgmt4£*r 

U <£*>-£©— gfl# p 32 ©*£S32* WO, #>-?M 
> F*> » 7-©lA(,^^»^^-S4ifflM£^P.*-5 3 

mmmic* o nt a & c £ or «,» 4. 

[0022] * fc. 1 2 fB«<DigJ&S83!!3fcX -f f 

*tt. lta«8©^jSSgS3feX^ v^(Cte^T» 

Mia^rsti, B*ta3Jit&g£iSS^bTfcS£Jititjt 

«C J: »5 3 tl T tj; % C £ £ O T I >S . 

[0 02 3] Sfc. i}3#K 1 3 BB*S©MRftJ8SBfeX -f » 20 

^t,rSt>tc#JIf$ftfc1&K©SfU ©*-5 ? KJB*JB 

jsru ^>t?, cn^ig^w^i©^^^ Fa&*©± ' 

7JI©±{C^2©3J7J1. l^2©=JT@©±CCBufa^ 

*fcBflria*ifeSttS«±K:^©^2©affi**ti 30 

[0 024] fit*^ 1 4 ga*g©^<gKM*X -f s» 

^©S&fcfratt. ^J6^14»«©*ffiK:^mi4©MSa 

i©3tji. ^i©3T@©±a>-3B?faffl$$:©£n © 
K@-e-n^n©Ji^{csci{c^ffes«»©^2 

©nrJi. cti6^2©=ira©±(CBoie^ 1 ©^ ? 40 

FJl£S>i*^«M©^2©*^ y FH^Jra^C^O. % 

^mummtiLticmguDm 2 ©«e*-ene*i^«-r & 

C££*S®£OT<,>S. 

[002 5] */c, IS#JI 1 5 fa«S©ig-$88Sfc)fcX » 

^©igjfefr&W:. ¥^i»^S«©*®{c^mi4©^SJB 
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{CSl>KWfc£Mfc©l?U©=iTJl. Cti6f 1©3 
TJl©±{C^2©=ir)l > ^|2©3TJl©±(Cflfa^ 
l©i-7-; Fit £|1|— &«§«©!& 20^7-; FJS 

jb«u 5fci,»-c. Mfem2©=iTJi©±(c^i©se 

[0026] $ /c> mWM 1 6 faiS©^<ffiS8SBfeX -f y 

j&u. ^c^-c. cneis^c©® io?75 F@©±(c» 

1 ©37i> SeH 1 ©nrji©±*^|trfai®^©si 1 © 

F©^netv©±*«:St,^^tf^-5a^[©^2 

(5371, cne.02©3T®©±KMie^l©i'^ f 
FB£PI— 2jSSKS©m2©*^f FBfrlW^fiXL.. X 

ci-c. Buia^2©3rja©±tciii©«@ ; S:. sfcfjta 
*iffi^i4ss±{c«^[©m 2 ©n&fc-eft^n^js-r s 

C£€r^iS[£b-CCi.5) < , 

[0027] £. fc. 1 7 te*S©ig$Sg§!U£x » 

^©Sia^rSii. ^teigH4SS©«ffi(c^tt©^)i 

moBVXDmwwm 1 © * 7 * f@£u. Bfriate H ^Ji© 
miRm* $ n/cgp» k ^^ji * tc ummtam z mm 
u cne.?at5:©i^i ©*^ f F@&*©-Ltc 

B«?ff %5Il!©f 1 ©371. Ch^fl©37 

Jl©±scai2©=iy|f . ^2©3T@©±K:Bf(ia» 1 
©*7 > F®£iSS ! f^^M©m2©i'v^ KB*MffiX0 
fiSO. ^Cl>t?. MIB^2©3iT@©±{C01©m@«:. 

*fcHfria*iig^tts®±(ca^t©*2 ©ss**n^n 
Bf&-rzc £*!&gfc£ urt,^„ 

[0028] * /c. 1 8 ia*8©2£"$»S£BfcX ^ f 

*©S&£*f)4«:. ¥^tt*«e©^ffl(c«mi4©^)l 

^©JK«©«IK©^ 1 (D&^'j YMt L. mriais^Ji© 

^^-c. cn?>it©si©?7^ F@©±fcmi 

©371. w&i 1 ©3rn©±^OB«ifaa^©^ 1 ©^ 
F»-en-en©±^fic5t^cW!&.5is^©^2© 

371, Cti6IS2©3rH©±(CBtiia^l©*7y F 
)l£S>Pf^«S?©^2©f 7 PJB^ffl^JAU. *<-^ 
■c. SJia^2©3TJl©±K:mi©mffi«r. SfcMia* 

i^tt*«±«ctt^©M2 ©ms^r^n^njfM-r-s C 
[0029] * /c. t#^^ 1 9 nmomm.9&w/tx ■< v 

5g©ff2tK©«&©£& l©?7?FiiU mfiaig ID1© 

l. cn^ltst©^!©^^ f F®&^©±«: 
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10iKI2©371, SE^2CD3r®©±CCirfB® 1 

[0030] */c. m^m 2 0 sais<D#jss8^x -f * 
^(om^(DWB(om KDf^-j YmtL. iwiateiiJi© 10 

©371, felfJ 1 © 3 7B©_k#>o?iSia$£{(D!& 1 © * 

•7* Kjf^n^n©±*«:ai^cw^€)atS[©^2© 

371. C4T,6^2©3T)l©±K:Wfe»l©i'^ i' K 
JfilSMgltS!©!^©*^? FH&JRKJ&AU 

mfie^2©3r@©±{cisi©«®*. S/chmIH* 
a&tt14*«±fc«$!©Sfr2 ©®ffi***i*tiJ&S-f 4 c 

[0 03 1 ] laLfc^BIMtilRiB, *^tflc*ffi© 20 

>y-)i.'J> ( I nP) , tf'J^At* (GaAs) f 

©III -v«i{b^**{**!3Stf&ti*. 

InP^GaAsf©! I I - Vj^fb^^ffc©^ 

a©tg^r«. mm <o> . ** (h) . * <f e> . 

i>nA (C r ) ^S&aWT?**. 
[0032] 

c vm ] *»w©Mi*fli i . 2 . 3 * fcwt 4 ia*s©g& 

TSP?^ » F©— »i t/ONHJ-i'&C £#nffl£«:ttS. 

[0033] $/c. ¥*fi^3«±{c3Mft*Wa*/fcttiif 

0®10?7i- K14M-r5Ci(Cj;f), Ctl6©I 40 
1<0«»7» FB«CteW5SmW#8t#ft#K&-5. * 
fc. f 1037iif2037iiK:J:i)a»©3l»iS[ 

#>ii;5HiSSB$©f2il* 0 . 5 w mUflflMTtcfiMW S C 

i *i pjtitc «t 9 . aa>ii*fiKs©ffl»i4*««rr * c £ 
[0034] * /t. m#m bmwwmm&mytx 

•Cl*. BUf3^1SO*^2©3r®© i 5% > 'J>t£< ifeifl 

js©^©3r@*, i^Fis. a?*HMHt. fi^ so 
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«MIIJfi<!>i.»m*>«:J:«)«Wtr*Citcj:0. x-f»* 
[ 0 0 3 5 ] iilsJSB 6 fettDgttftSXX -f » * 

-at. mami%.u c m2<DziTm<D5*>> 6>u<t^m 

E©*©37IS:, r>K-^©fi^#F@<b. nl© 

flttiWfSnSillii, cn?,©)i©it>ra©is« 

tt**TU ^£<£fc*©^#pM©a»«S»**U 

mews.* s e. (c<sr-r a . 
[0036] * fc. m^m 7 te*s©^8ss?*^ -r » * 

[003 7] */t. »5}?^8 2/t«98BfS©HKSR@!X 

Ct J: S j&ZNROtf ft < & 0 . g[*iffii^ttSffi*Tg|Ji' 5 
» K ©— SP <fc 0 "C^ijffl tSCi fC £c £ ,, U/t^o 

Bta*SS <!: ^ 0 . 151— »fi±K:flk©3R^i ©* > U ^ 
^SiafbAipFffei^ f) . iE^7j: f©^iffig!S*Bil«r 

[0038] ^*6i»tt*«±CC^«S«)S35/t«iSi 

1©^^ y pmtetettzmmmftm&M&icrj:*. * 

fc, -a^j§©3TJlK:J:f3at5c©7fe^SS«r«fi£-rs 
Ci{cj;0. *Aii»JsSfi©HIM!fe*»Wr*Ci*i-C 
Ufcffr,T, Stja*t§®-cm»^S»)©3»?83»S! 

[0039] * /c, i o ta4s©^jesssyfex 

^-Ct*. B5ffB3TJf4, fiT-#F#j^, S^-«gS«®> 
fiT-ffi«JS©t,»rti*>{CJ;»3ltJ5;-r-5C<i:{Cj:<3. X-/ 

[0040] S fc, M«39 1 1 iatE©^?S88SBfeX -f y 
^-Ctt. H«fa3T@*. T > F — ^"©fi-?-#Fil <t . n 

^itt^^tsnsisii, ctie.©i©*m© 
o. *^H5rfaa : f-#F)iS!>*n^sM*«fiS-rs^ 

[004 1 ] * fc. 1 2 iat8©^S8M7tX » 

[0042] £/c. I»5j<5 13. 14. 15 £fctt 1 6 
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milt-? z>7£m*&A-rzc tic m^ftmzti 
msx&ftm&&0temm&<Dmm<Dm kdz^v fh* 

mfm*&&icftm-r&tc#>. 1. s-z^mijic^ 

[0 043] cn6S3S©si <D*^ v FJ1©± 

tC0 lOnTJl, ^2CDnr®, ^2<D^^ v FJS£J© 10 

jsaitzt wnjmc ft So ^e>cc, :a7)i©#*««>i& 

£j&*gg<hft£ 0 

CO 04 4] ttc. Iftftgl 7, 18. 19*/c«2 0 20 

oistR^* s n tcm& icmmmm & it imt&tm ems 

r«*tt&trx«*\ ffiis<Dffi»xg*atej 4ci#tr 

[0 045] Ztlbm&OimKD?^ v FH©± 30 

tcSKD^Tl, »2©^7? FJR&JB 

i*JpI«B<bftO, «»ii*J5«fi3W««>rSSift4. 1/ 

/c^ot, f^(cfcc^rftsnfeia^(D*#ftaB»^<o 
selects, fftomawf^fflftff^x^iom©*^ 

IBKMfcWSBfc ft 0 , l3-»«±CC*-T-*JBWb-r 4 C 
i^SaiftS- 40 
[0 046] 

i mmm) m 1 «*#£bj3<d# i stswwr 

p i n<omimffi®mzm-?z>t><D-c. ^mm^m» 
mm^&z i n pas 3 2<Dmmw&* mmta inPi 

3 3. •••CCJ:«3S^CC^5«Sti^3K«BJ?*tt*«5x 1 0 17 50 
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cm- J ©iltt(D2o(On- I n PTSB*^* FJf (IB 
l©#79Fi) 34, 3 4*sj|$J0i34vi:i>&. 
[0 0 4 7 ] Cft^TSB*^* FJf 3 4. 3 4<D±CC 
«, />F-^InP^y7 7l3 5^M5n, Ifcn 
* 7 yH3 5CD±av^T8fl*^ > K@3 4. 3 4©±^ 
«c«, ^Wtc^Si^ti^oSc^^fft^> F-^ I 
nGaAsP$l37§3 6, 3 6^WSn, cne> 
0±tCiSffitS*/c«^>F-^I nPiji!37, >/> 
F-:/I nGaAsPl237l38, ^M««*S»*5 
x l 0 17 cm- 3 i^4J:5W}iEWF-fc: , >^n/c 
p - I n PXSfl*^* FJt (»20*5? FH) 3 9, 
>mmm8.&5 x l 0 1B cm- J (f:35:4J;^cWWiF 
-f>^3ft/cp - I nGaAs3>^ hit 4 0#J© 

Xxt^+^twssn, cne>^777i3 5^i> 

[0 04 8] C(Dn>£^ hH4 0O±CC«Au ZnN 

i a u *mm Ltc&mmmmfr e>ft *±««s 

«1©IS) 4 1*«?n, TSB^ ? F134, 
3 4 ^ft^ft<£>±teW: A u G e N i A u £«Jg O 

fc^JiaR*J8^6ft*TSB«ffi (SS2(Dfie) 4 2, 4 
2»fiS$ntC^o 2^137136, 

3 6<h^2nrH3 8itcJ:^^^K4 3, 4 4#* 

[0 04 9] #CCC, Z<D%*4 lOSIJfi^ffiCCO 

•TJ:^tC, I nP*«3 2 00±«:xtfdf*^+;l/fiEfi{c 
<t D ^RK«ft«K3W 5 x l 0 l7 cm- 3 <Dn- I nPfiSI 

4 6 4Mt4o 03 CC?nTcfc ^ CC v n — I n 
P*§HIf 4 6(D^ * F»*JKJiR-r^#««4 6 a<£>± 
tev**ift5|Mfc4r>f3R (S i O,) M4 7%^ 
U n- I nP*g,f|Jf4 6 0W4 6 blcm^ (O) >f 
*>ftA4 8*ffC^S[««4 6 bfciftaa* InP13 
3iU T8R^^^ FJB3 4. 3 4^ff^"r4 0 

r, H4K:^-rJ:5K: v S i O z ®4 7 
S@4 6 CD±CCX t: ^ * V +;l/J&B&C <fc 0 v V rM 3 
5, y>F-^InGaAsP1494Ml, CCD I 
n G a A s P@ 4 9 ^ifSOffm^ftll I , fSl^TM 
36. 3 6it5 0 

[0050]X^t, 05tc^TJ:5Cc, ^y7rl3 
5MI137I3 6, 3 6CD±U1. H&JS3 7, H2 
37138, ±gB^-7>F®39, 3>^^h@40^ 

F»4 0ft»ieKffl*x-f y^comm^mxL. m 
mx.*.*)^^**? f®4 ocD±tc±iH5me4 1^, g/c 

TSP^^^ FH34. 3 4-en^ c tKD±CcTg| 7 M©4 2 

znm?z>o «±^cj:o, ^x-r ^^3 i ^s?i§Tsc 

[0 05 1] C<D7tX^^^3 im ±SPm@4 1{C 
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TSi^@4 2lC~?Ji-Z<Dmf£*tiQ%.. P i n 
«B^«i«#«i*i*, t<D1IifcK:<J;i902 37l3 8 CC 

Mztttb, ytmm&4 3. 44#^<DSi3ri36^ 

fcv-f^X, T»««4 2CC^^^<D«3E*JD*» P i 

J: o TJBJr*£f t**0 1 3 71 3 6 &c£D % ®&aA(£> 

[0 05 2] &±W!li(yft:J:9CC. C©3tXY^3 1 
CCJ:*i«, ¥*MHfeStit?<b& I nP«R3 2tffll»fc 
OT, S«CCj:Sjl6©!RiR3&J35c<&0»I nPl«3 2 

*T»*7y f©— apiorwffl-rsci^^So L 

[0053] *fc, I nPSt3 2±CCiSJgtaI nPl 
3 3, -tCiOai^^BISnAiTSB^^ > FJB3 4, 

34^ff?^3nrc^or, cneoTSB^^y fib 3 

4, 3 4CC*j^S«»W»««r^*fCcr4Ci^r* 
5o £/c, ^137136, 3 6 4023713 84GC 

<fc9«lfc<D}ftg$8S4 3. 4 4*aiJ5Rufc©r, cne> 

©37H©J5#**^3#4C4;0*T# % a»i&*JKfi 

[0 054] Sfc, CO*X ^^31 <D»jS2TffiK: <fc 
I nPaS«3 2±CCn- I nP*«JB4 6*»« 
U ttn - I nP*£H14 6<DffiJ£4 6 b (O) 
-/t>aA4 8 *m^»««4 6 b InPl 
334U TUZvv FJB3 4. 344M1"JCii 

9FIB3 4. 3 4^Mt^CiOT#, L^ot 

l. 5-2 /zm4J¥l>^ * F8*?f^Sr«26iitfX 40 

[0 05 5] I nPlfi3 20iicxb^^>t 

;b/£gccj:^*:7 7»3 5, 0137136. 3 6. 

S&13 7, 0237138, ±95*^* FJB3 9, 3 
>**hl4 0£^j£lT£C4 4U/t<Dt\ ^giSSS- 

aa«c««awffl*atrrci#«rar, 3 6k, 371 
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[005 6] ft to, co^^>f3iwm * 
Ut I n PSS3 2 *fflt>fc**, 81 nP 
»R32CC|Hje3*i4C4fc<«*tt #*4<£>¥*fiili1*g 
S*j8ffl"r4C4*S"5Iffir*i. GaAsISi 
*flBlr>fc»^Ctt. iGaAsIStCGaAsiAlG 

[0 05 7] (02|HS60») a7«*^HJCD^2»56W 

lifeOT, I n P*«3 2CDaS^C«, ffiffiE/U nPl 
52. • -CCJ:0SC^C^3nA:2o<DTaB^^ v FH 

3 4. 3 4WMSntC^ B 

[0 0 5 8] CttfcTS*^* FJB3 4. 3 4CD±CC^« 
»7?I35, y>F^InGaAlAsi : F#FI 

<b i n a i a s /^i/rJB^fefta^aa^^wJSosr 

137153, y> F — ^ I n P V -^15 

4, ^BWfiffi^Sx l 0 17 cm- J 4^^J:0Cc^^ 

# F - b"> ^3 ftT «SU9(C^M3 hfroSt^CCTtf ft 
p-InGaAsPl237@5 5, 5 5*SJKftxt; jr 
+ ^t;^S5ti, COiy^h^7l5 4SyS2 
37155, 5 5©_hec±»*^* FIB 3 9. 3>£^7 
M 4 0 ^I^x + 1 ti, Ctifc'^? 

7l3 5^cl^3>^>;H4 0^!SM^^^ 

[0 059] C<D3>££> H4 0£>±&cy:±gp^4 
lJWftsRSn, TSB^^v FIB 3 4. 3 4*ti-€ t ft<D_h 
CC»TW«S4 2, 4 2«3tltl^o *Ut, 0 
13715 3 4 20(002 3715 5, 5 5 4fC<fc«3;)fc 

[0 06 0] ^CC, CCDt^X^ >^5 KDSfjg^iCo 

ijVr<£5fc:> I nPSt3 2(D±«:xt^+VtMfi 
$C<fc9n- I nPg H s B 14 6^MT6, 09 
&C^-r<J:5CC, n- I nP*SfiJB4 6<D*^* FJB*JB 
/£^#Mi^4 6 a(DJi&CVX^4&&S 10,1147 
Zftmis. F^>(Xu/^>^X£/tte^x* Fx^ 
>^JJHX&CJ:D n- I nP*§,^14 6CD£HJ$4 6 afetff 

o««4 6b*»iu, i^n^o/cS^ea, 

4 6a£TgB*^ v F13 4. 3 4i«. *l>t, B 
1 0 tC^-r<fc ^ 5C, SiO,14 7^^<!:Ut^ 
4 6b RlffiSfa I n P 1 5 2 £ iilft&gi* ttiffi©¥ 
Sffc*tfC^ *©as iO,«4 7*W0Bft<. 

[006 1 ] s l i ccSktT J: 5«c. TSP^^ ^ 

F13 4. 3 4SO*KSJSl nP15 2. -©±«C % x 
t^t^tWIiCi^^^TlSS, 013715 
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3, x^Wh77'154 4 p-InGaAsP158 
«rMtl>c 012^^^, p-InG 

aAsPJI5 8£^ScD^tttcflUXU 
5, 5 5<b« 0 ^ CCDX 9*X h ^^'J15 4S 
^123715 5, 5 54XBC, ±SP^^ * F@3 9, 
3>** hJ!4 OW^xb^^i/t^St^o 
[0 06 2]^^ @ 1 3tC^-fJ:5fc:, it'H^ 
t«gl^'777i3 5&l>l/3>£^ hJ14 0£ 

m&mnytx << v *©«»fcjinxu mmic^v^y* 
3 4. 34 -en-encD±(cTSPm®4 2 zmm^Zo m 

[0 06 3] C<W£X -f ^51 ±§pm©4 1 OC 
Tgff^S4 2&CV^X<D®I£Jjn;2L p i n 

sjf-m^ssn^. ccDWfrjCtkvmzziTmb sec 
&z>tc&. ytmm&se, 57^©»237S554 

^bL^<D^^^^>^*C^ 0 £/c, ±SP^S4 1 20 
icv^*, T5Pm@4 2CC>' , ^XCDmEE ; &finiL, p i 

rii 5 3 k/s#t ^{t^ d , mm&. x<D^t mm* 

[0 0 6 4 ] M±mWLtc£5lC, XL<0%*4 9*5 1 
(Citi«, ^ffi*S^S*rC£>£ I nPlffi3 2^/c 
<Dr, &ft<D®.M&U <40»In PS«3 2 

£TSB^ * FCO- gfl<bLT*JfflT£t<ban?£& 0 L 30 
tcfr-oX, TSt^^v FJB3 4*?WBftT4C£a*-C# 

-fio^y y^9*«m*«iJ«£&*K ■!»&£©» 

[0 06 5] gfc, I nP!S3 2<D^MCC V iStgtn I 
nPJ15 2, ^CJ:0ai^c^^n/c2ocDTS8^^ 

^K13 4, 3 4#^jS3nrt>s©-c\ Cti^TSP^ 

7^Fi3 4, 3 4 6C*JW*«aa9»(»*^ffK:-r*C 
<b**C#*. £/c v 3*1 37@5 3<b»2 3715 5. 40 

CO 06 6] S137153?:^>F-7 P I nG 

a A 1 Asl^#Fli I nA 1 A s 7JI*>6tt« 

fESBE* 5 *>fc:<gT3 if& C <h *J"C# So 50 
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[0 06 7 ] S/c, £©%*</ 9*5 KDlSJS^ffiCCj: 

ttlXCC.fcO I n PS«3 2±teJBJ5JE3*ifcn - InPJS 
«B4 6©««4 6 b*|»*U SKW4 6b(C»ffi 
ft I nP»5 2*a^ft3*TT»*** F13 4, 
3 4£Jf5j£-r&C<t<i: Ltc<D~C. El>{C$WB3*i«SlW 
5MMUf&T*»9 9 FJI3 4 *MT 

UfcWotl. 5-2 Mmi/Sl^^ 9 FBSrWJSE 

[0 06 8] T»*9 9 FJB3 4. 3 4RCfKS 

!nInPJ15 2. -©±«:, xb*£*^ + ;l/j&gK:<*: 9 

^7ri35, ^lnTH53, if^F^15 
4, ^2^7155, 55, ±SB*^ 9 FH3 9 , 3> 
Ml 4 O^Mt^Cii^OT, SSKftlS^a 

^*a^iitfC4CcJ:D^^OMi¥*0. burner 
itiCtm, SI«)ii*JSKfi3&«S«>rgSitt4. 

<D«»S&#JtSfi;W*§S cc 4 . 

[0 06 9] ttfc, CO^>f^5Hc^ti i 
nPlfi3 2 *CR&£3 hS Cift < «* tttt*4©¥l&» 
[0 0 7 0] (»3^»«) H 1 4&l^H 1 6 W» 

wvnsmffimv&zmmmytX'i ^61 *m-rm 

fiJtt*8^8S!3fcX 9*T*S. C©#*-f9*6 1 
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